Soil microbes are drivers of global ecosystem functionality and are continuously subjected 18 to external perturbations. It is fundamental for ecologists and environmental scientists to 19 understand and further predict the microbes' responses to these perturbations. A major and 20 ubiquitous perturbation is the addition of chemical nutrients, including fertilizers and 21 animal urine, to soil. Recent biogeographical studies suggest that soil nutrient 22 stoichiometry (i.e., nutritional balance) determines microbial community structure and its 23 functions with regard to material circulation. Given this information, here, we show that 24 2 soil nutrient stoichiometry, or the bioavailable C:P ratio, determines the impact of nutrient 25 addition on the soil's microbial communities. We sampled two soils with similar carbon 26 and nitrogen concentrations but with a 20-fold difference in phosphorus bioavailability. 27
soil nutrient stoichiometry, or the bioavailable C:P ratio, determines the impact of nutrient 25 addition on the soil's microbial communities. We sampled two soils with similar carbon 26 and nitrogen concentrations but with a 20-fold difference in phosphorus bioavailability. 27
Soil microcosms with carbon and nitrogen amendments were constructed for both the soils. 28
The phosphorus-depleted soil received prolonged effect from carbon and nitrogen 29 amendments: the phosphatase activity gradually increased over a 24-day incubation period 30 and the microbial community structure did not present recovery to its initial state. In 31 contrast, in the other soil, both phosphatase activity and microbial community structure 32 gradually returned to those of the control samples. Phosphorus depletion mitigated carbon 33 and nitrogen intake; therefore, the effects of carbon and nitrogen amendment lasted longer. 34
Our results demonstrate that nutritional stoichiometry is a strong predictor of microbial 35 community dynamics in response to trophic perturbation, particularly when considering 36 the length of time the trait of perturbation persists in the soil. 37 38
Introduction 39
Soil microbial communities play the crucial roles in many ecological functions. They are the 40 drivers of soil nutrient cycling, primary production, and decomposition of macromolecules, 41
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The nucleotide sequences obtained were quality-filtered with USEARCH ver 9.2.64 (Edgar 145 2010, Bioinformatics) and subjected to operational taxonomic unit (OTU) clustering, at a 146 similarity threshold of 97% or more, with UPARSE (Edgar, 2013 Nat Methods). Each OTU 147 was taxonomically annotated using the RDP Classifier (Wang et al., 2007 AEM) and 148
Greengenes 13_8 (McDonald et al., 2012) implemented in MacQIIME ver 1.9.1 (Caporaso et 149 al., 2010b) , with a confidence threshold of 0.8. OTUs annotated as organellar ribosomal 150 genes or unclassified at the domain level were discarded. A phylogenic tree of the OTU 151 representative sequences was constructed using PyNAST (Caporaso et al., 2010a) and 152
FastTree (Price et al., 2009 ). The number of sequences was normalized to 15,946 reads per 153 each sample by random sampling. Subsequently, Simpson's diversity index of each 154 community and weighted UniFrac distances (Lozupone and Knight, 2005) between 155 communities were calculated with MacQIIME ver 1.9.1. 156
Additionally, average rRNA gene copy number was calculated as described by Nemergut 157 et al. (2016) . Briefly, the OTU representative sequences were mapped to rRNA gene copy 158 number database packaged in PICRUSt (Langille et al., 2013) . 159
Statistical analyses 160
Two-dimensional non-metric dimensional scaling (2D-NMDS) was performed based on 161
UniFrac distances using MacQIIME ver 1.9.1. To explore OTUs that showed characteristic 162 transition patterns in microbial community, SIMPER analysis was performed. Additionally, 163
ANOVA was employed to assess the significance of CN treatment in determining soil 164 chemical characteristics and enzymatic activities. R 3.4.0 (R core team, 2017) was used for 165 all the statistical analysis except for 2D-NMDS.
Results 169

Soil nutrient and enzymatic stoichiometry 170
As a whole, the microcosm groups of two different soil types presented contrasting trends 171 regarding nutrient availability. Changes in soil chemical properties varied between soil 172 types, amendment patterns, and the types of amended carbon sources. After 24 hours of 173 incubation, DOC concentrations in soil X were 279-2270mg kg -1 -drysoil (recovery rate: 174 7.30-26.2%), significantly lower than those in soil Y (739-5900mg kg -1 -wetsoil, recovery 175 rate: 32.4-68.8%) (Fig. 1a, 1c) . The DOC concentrations declined after 23 days of incubation 176 (Fig. 1b, 1d) . 177
Soil enzyme activities 178
Soil ALP and ACP activities were precipitously elevated after the initial carbon and 179 nitrogen amendment (Fig. 2) . Overall, ALP had higher activity than ACP in soil X, and vice 180 versa in soil Y. While intensely-disturbed groups of soil X presented decreases in ALP and 181 ACP activity, those of soil Y maintained the phosphatase activity even after 24 days of 182 incubation. Notably, phosphatase activity in soil Y was marginally affected by the amount 183 of carbon input, compared with soil X (Fig. 3) . 184
With respect to the kind of carbon source amended, higher BG activity was observed in the 185 cellobiose-amended group than in the glucose-amended group. Conversely, the 186 relationship between phosphatase activity and carbon amendment was not consistent. ALP 187 activity in soil X and ACP in soil Y were significantly higher under glucose amendment, 188 while ACP in soil X and ALP in soil Y were not.
A total of 2,514,047 high-quality sequences were obtained and 7,968 non-chimeric OTUs 191 were defined. The rarefaction curves suggest that most prokaryotic classes were detected, 192 although some rarebiosphere OTUs were left undetected (Fig. S1) . 193
Microbial community evenness was estimated using the Simpson index. In soil X, Simpson 194 indices sharply increased after the initial CN input, and gradually dropped over the course 195 of 24 days (Fig. 6a) . By contrast, in the G-1 and C-1 groups of soil Y, the Simpson indices 196 continuously increased until 17 days after the initial CN input (Fig. 6b) . 197
The proportion of the phyla Firmicutes and Proteobacteria was precipitously elevated after 198 the initial perturbation in soil X and Y, respectively (Fig. 4) . Subsequent transitions were 199 subtler than in the first three days, although a gradual change was observed in all but the 200 control group. Over the course of 24 days of incubation, the proportion of the phylum 201
Firmicutes in soil X decreased, while the proportion of the phylum Proteobacteria in soil Y 202 did not. In line with this observation, the entire compositions of the microbial communities 203 returned to the initial state (or those of the control samples) in soil X, while they did not in 204 soil Y (Fig. 5) . Via dissection at individual OTU levels using SIMPER analysis, we identified 205
OTUs that were specifically affected by each treatment: OTUs annotated as the genus 206
Bacillus and the genus Arthrobacter (phylum Actinobacteria) in soil X, and one annotated as 207 the genus Rhodanobacter (class Gammaproteobacteria) in soil Y, were found to be prominent 208 drivers of community transitions (Fig. S2a) . Notably, OTU_3 (genus Rhodanobacter) in soil Y 209 gradually increased throughout the course of 24 days of incubation, while OTU_1 (genus 210 Bacillus) and OTU_2 (genus Arthrobacter) in soil X did not ( Fig. S2b-d) . 211
The average rRNA gene copy number exhibited sharp growth during the first three days of 212 incubation in both soil X and soil Y (Fig. 7) . After three days of incubation, the average copy 213 number was up to 7 copies/cell in soil X, more than three times larger than those in soil Y. 214 Subsequently, the average rRNA copy numbers in soil X decreased, while those in soil Y 215 did not. 216 217
Discussion 218
Overall, soil DOC concentration after 24 hours of incubation was overall higher in soil Y 219 than soil X. This indicates that microbial carbon intake was slower in soil Y than in soil X, 220 which means that soil Y was under a stark phosphorus limitation. This is in accordance 221 with a lower concentration of available phosphorus in soil Y than soil X, and prevailing 222 phosphorus-limiting conditions in forest soils in general (Kunito et al., 2012; Noyce et al., 223 2015) . 224
Soil enzyme activity was also in accordance with the phosphorus-limited nature of soil Y. 225
Although both soils presented a rise in microbial phosphatase activity after carbon and 226 nitrogen amendment, soil Y was unique in that little difference in phosphatase activity was 227 observed between two levels of CN amendment. In other words, the CN amount required 228 to make soil Y phosphorus-limited was smaller than that of soil X. Additionally, regarding 229 the groups G-1 and C-1, the ACP and ALP activities gradually decreased in soil X while 230 they did not in soil Y from day 3 to 24, which also can too be attributed to the difference in 231 soil phosphorus availability. In soil X, it can be assumed that most of the carbon and 232 nitrogen amendments were quickly taken up by microbes (within 24 hours after 233 amendment). Conversely, in soil Y, phosphorus scarcity apparently slowed down the 234 carbon and nitrogen usage, and thus higher phosphatase activities were maintained. 235
All the above inference regarding enzymatic activities is in line with the presupposition of 236 the resource allocation model for extracellular enzymatic synthesis (Sinsabaugh et al., 1994) , 237 which claims that low phosphorus availability induces preferential production ofphosphatase by microbes. Contrasting with previous studies that proved this model to be 239 applicable to various soils in stable conditions (Fujita et al., 2017) , our results indicate that 240 short-term responses after trophic perturbation also can be explained by the concept of 241 resource allocation. 242
However, the influence of the type of amended carbon source was not straightforward. 243
According to the resource allocation model, microbial phosphatase production was 244 predicted to be lower in the cellobiose-amended group than in the glucose-amended group, 245 because microbes in cellobiose-amended soils allocate more resources to BG production 246 than those in the glucose-amended soils. Given that the total amount of usable resources is 247 the same in both glucose-and cellobiose-amended soils (or higher in glucose-amended 248 soils), the phosphatase activity should be lower in cellobiose-amended soils. Some of our 249 results -the higher BG activity in cellobiose-amended groups -are in line with the 250 resource allocation model. Contrary to the inference above, the relationship between 251 phosphatase activity and the amended carbon source was not consistent. One possible 252 explanation for this observation is that microbes in the cellobiose-amended samples 253 compromised the production of some other extracellular enzymes rather than extracellular 254 phosphatase, but this cannot be directly determined from our data. 255
The transition in microbial community structures presented fundamental differences 256 between the two soils, which can also be attributed to the differences in nutrient 257 stoichiometry. Over the course of 24 days of incubation, microbial communities in soil X 258 gradually recovered to the initial state while those in soil Y did not. Here we point out two 259 aspects of microbial community assembly: microbial life-history strategy and competitions 260 among microbes. 261
Microbial life history strategy is often explained by its maximum growth rate. Fast-growers 262 favor copiotrophic environments, while slow-growers can survive in and dominate 263 oligotrophic environments. The OTU annotated as the order Bacillales, which prominently 264 contributed to community assembly in soil X, is a typical spore-forming fast-grower (Vos et 265 al. eds., 2009) . Moreover, recent studies suggest that rRNA gene copy number also 266 represents microbial life history strategy (Roller et al., 2016) . Given that microbes with a 267 high copy number of rRNA genes are generally copiotrophic and present high growth rates 268 (Klappenbach et al., 2000) , soil X was presumably a more favorable environment to 269 copiotrophic microbes than soil Y. To ensure rapid growth, phosphorus availability is 270 required in addition to a high rRNA gene copy number, because phosphorus is a major 271 component of nucleic acids and cell membranes. It can be assumed that the relatively high 272 phosphorus availability in soil X drove the proliferation of fast-growers. 273
As suggested in a previous study (Delgado-Baquerizo et al., 2016) , phosphorus limitation 274 induces microbial competition and reduces community diversity. Thus, we assume that the 275 continuous drop in community evenness in soil Y, compared with that of soil X, can be 276 interpreted as the outcome of competition enhanced by stark phosphorus scarcity. 277
Although our 16S rRNA gene sequencing results do not directly prove phosphorus 278 competition because adaptation to phosphorus scarcity is not a phylogenetically conserved 279 trait (Martiny et al., 2015) , the inference above coincides with a prolonged and gradual 280 increase in phosphatase activities in soil Y. 281
Collectively, our results show that the microbial community response to CN input was 282 consistent with soil nutrient stoichiometry in both function and structure. Although soil X 283 showed more drastic changes than soil Y in the very short term (up to three days), this 284 effect did not last long and the community gradually returned to the initial state. By 285 contrast, in soil Y, where phosphorus is highly depleted compared with soil X, CN 286 amendment had a prolonged impact on the microbial community. These observations 287 indicate that our initial hypothesis should be partially modified: strong phosphorus 288 limitation results in prolonged, rather than drastic, changes in the microbial community. 289
Data Availability 290
Nucleotide sequences obtained in this study will be made publicly available at the time of 291 publication in a refereed journal. 292
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